Prostaglandins are mediators of inflammation, synthesised from arachidonic acid by cyclo-oxygenase. Inhibition of prostaglandin biosynthesis by blocking cyclo-oxygenase underlies the analgesic, anti-inflammatory, and antipyretic actions of the non-steroidal anti-inflammatory drugs (NSAIDs). The side effects of these drugs, including damage to the gastric wall and kidney, and inhibition of platelet aggregation, are also believed to be caused by inhibition of cyclo-oxygenase.' Most interestingly, the action of steroids has also been explained on the basis of inhibition of prostaglandin synthesis. Most of the experiments supporting these findings were obtained in in vitro or in animal studies, but in normal volunteers acetylsalicylic acid, indomethacin, diclofenac, ibuprofen, and other NSAIDs have been shown to cause inhibition of prostaglandin synthesis, platelet thromboxane production, and renal sodium excretion.
However, the NSAIDs are not as uniform a group of drugs as these statements may suggest. For example, paracetamol is a weak anti-inflammatory drug only, and does not inhibit platelet aggregation. The suggestion was made, therefore, that paracetamol might act predominantly on a cyclo-oxygenase in the brain to produce analgesia-in effect thus predicting the existence of different forms of cyclo-oxygenase.2 A study of salicylic acid in man revealed that it had no antiaggregatory effect and, in contrast to acetylsalicylic acid, did not cause inhibition of prostaglandin synthesis in normal volunteers, in spite of equal anti-inflammatory activity.3 Furthermore, glucocorticoids, while causing inhibition of prostaglandin synthesis in in vitro studies, were ineffective in vivo.4 I The authors suggested that a highly stimulated rate of prostaglandin production was in effect in the in vitro experiments, in contrast to a basal rate of production in vivo, and that this could be responsible for the different responses to the drugs. 4 The discovery of two different cyclo-oxygenases, now known as COX I and COX II, has enabled the resolution of some of these discrepancies, and ushered in a new generation of NSAIDs.6 7 COX I is the constitutive enzyme serving our basic physiological functions mediated by prostaglandins. These include regulation of peripheral vascular resistance, renal blood flow, renal sodium excretion, and renin. Their inhibition can result in renal failure, sodium retention, and loss of control of hypertension. COX I also is present in blood platelets and is important for aggregation mediated by thromboxane A2. Products of COX I in the stomach wall are believed to protect the stomach from ulcers.
COX II, which shows only 60% identity of amino acid sequence with COX I, is induced by interleukins and mitogens (interleukin-1 (IL-1), transforming growth factor ,B, tumour necrosis factor a, endotoxin and fibroblast growth factors). It, too, has an important physiological role. It is induced in pregnancy in the uteroplacental unit, and may well be the major source of enhanced prostaglandin production in pregnancy.8 COX II can be induced in human monocytes,9 human synovial cells,'0 and chondrocytes" by IL-1 or endotoxin, suggesting that the enhanced prostaglandin production in inflammatory reactions is the result of COX II activation. This makes COX II an outstanding target for therapeutic interventions.
Inhibition of cyclo-oxygenase by drugs has therefore been of great interest, in particular the question which of the cyclo-oxygenase enzymes is inhibited. Biochemical investigations using cells and cell membranes in which COX I or COX II had been expressed by transfection, or in which COX II was induced by endotoxin, showed inhibition of the enzymes with indomethacin and piroxicam to be more effective against COX I, while ibuprofen and the active metabolite of nabumetone, 6-methoxy-2-naphthylacetic acid (6-MNA) were more effective against COX I1.12 In another study comparing the effects of indomethacin and diclofenac, diclofenac was 10 times more powerful than indomethacin as an inhibitor of COX II relative to COX I." Paracetamol was without effect on COX II and had only a weak effect on COX I."
Interestingly, sodium salicylate was 20 times less effective against COX I than acetyl salicylate, but only half as effective against COX II." Studies on human COX I and II also showed that the two isozymes respond differently to various NSAIDs: neither was detectably affected by salicylate, COX I was the more strongly affected by indomethacin and piroxicam, and COX II was affected to a relatively greater extent by 6-MNA, ibuprofen, and diclofenac.'5 While the species and the models in these studies varied considerably, the following trend emerges: indomethacin and piroxicam are particularly active on COX I while ibuprofen, diclofenac, and 6-MNA are relatively more active on COX II.
How do these data on cyclo-oxygenase inhibitory specificity of NSAIDs relate to what we know about effects of these drugs in man and in the clinical setting? Unfortunately, very few data are available on the effects of various NSAIDs in normal man and even fewer in patients. Furthermore, we know almost nothing about the expression of COX II in the various inflammatory diseases in man and the organ systems and cell types involved. While COX II is apparently a reasonable target for anti-inflammatory activity, we know nothing of the contribution of COX II products to pathophysiological processes other than inflammation. Thus, in renal disease COX II may be induced and participate in maintenance of renal function to a greater extent than the contribution of COX I generated prostaglandins. However, a few points relevant to clinical management can be made. Lack of COX I inhibitory properties would render an NSAID devoid of an effect on platelet aggregation; this is the case for paracetamol, sodium salicylate, and salsalate. Such a drug would not contribute to increased perioperative blood loss. These drugs are usually much better tolerated in acetyl salicylate sensitive asthmatics. There would be no drug interactions with diuretics, angiotensin converting enzyme inhibitors, betablockers, and lithium. Furthermore, the COX I sparing drugs would not cause acute deterioration of renal function and sodium retention in patients with renal and heart failure, as has been observed with COX I inhibitors. These aspects can be applied to advantage in the management of such patients requiring anti-inflammatory therapy. There have been large numbers of studies on gastrointestinal effects of the various NSAIDs in man. It is clear that paracetamol, nabumetone, and salsalate have very low rates of these side effects. This would be in agreement with a sparing effect of these drugs on prostaglandin synthesis (COX I) in the stomach. Sodium salicylate also is probably a very weak inhibitor of COX I in man, yet it causes gastric side effects similar to those induced by acetyl salicylate. This may be attributable to a local toxic action as salicylate is known to cause cell lysis. Indeed, even acetyl salicylate given parenterally or as an enteric coated tablet is much less of a gastric irritant than the plain tablet. Over the years, clinicians have shown a preference for diclofenac and ibuprofen, and a large meta-analysis revealed that the clinically most severe complications of NSAID therapy (upper production is sufficient to restrict the production of COX II,18 raising the possibility that the enhanced incidence of rheumatic problems in older patients is related to the decrease in endogenous glucocorticoid production.
The discovery and biochemical availability of COX I and COX II has resulted in a strong effort by the drug industry to provide new NSAIDs with selectivity for COX II. Some such selective inhibitors (for example nabumetone) may have been identified previously by serendipity during large scale screening, but now a clear biochemical objective guides the synthesis of new substances. Amongst such drugs already available in some European countries is meloxicam which, in the rat, shows 100-fold greater selectivity for COX II than piroxicam. In clinical studies in 468 patients with rheumatoid arthritis, meloxicam was found to be an effective NSAID, yet it caused no more side effects than placebo. 20 The 
